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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a semiconductor laser device having 
favorable productivity in a chip dividing process without 
deterioration of thermal resistance. 
SOLUTION: This method of manufacturing a 
semiconductor laser device has steps of forming a 
multilayer metal film successively composed of a first 
metal film 105 and a second metal film 106, having a 
thickness through which a wafer surface structure can 
be confirmed from the backside of the wafer on the 
bottom surface of a wafer substrate for a semiconductor 
light emitting element provided with a transparent 
substrate 101 and a semiconductor laminate 102 
provided thereon; performing alignment by recognizing 
the wafer surface structure from the wafer backside to 
form dividing grooves on the wafer backside and divide 
the wafer, thereby forming semiconductor light emitting 

lement chips; loading a semiconductor light emitting 
element chips on a support substrate via solder with the 

substrate side down; and heating these so that the first metal film 105 is retained in a film and 
the second metal film 106 is melted into the solder. 
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r, 

w*a2] sweats*, *^±^taw&ixfc^ 
(D&mm-s&j&n&ft u aiaBsuM 1 

^12n m^Ttfc <9 , 2 0&JRM<bjK^3S 0 Xh 

liulE^ 1 £>&Jgte, Ti N Zr, Cr.Mo, W, F 
e, Zn v Cd, A 1 <£>vvf inti*$r£ JvXtt 9 , £=>o, 
i!Eg2^1(j: > Ni, Ag, Au, Ga, In, S 
n, Pb, Sb<D\,^tifr&^A,Xte%~t$:¥mk-t 

[fS^4 ] huSB'^^sp b LTft 9 , 

tufB^ 1 OMlt Ti, Zr, Cr.Mo.W, F 
e, Ni, Pd, Pt, Cu, Zn, Cd, Al(^)^f 
n^Sr*A/"C*t>, itulB|g2<D&jgte, Ag, Au, I 
n, Sn, Pb, S btD^-fthti^^tvXttZZLh&lfc 

im&m 5 ] nm^y^ s n &^f&#t lt^ 9 , 

fifrlEfg 1 <D&mte, Ti, Zr, Cr.Mo.W, F 
e, Zn, Cd, A 1 <EM,vf ttd»«rfrA/t?ft 9 , iiulElg 
2^Stt, Cu, Ag, Au, Zn, In, Sn, P 
b, S b^V>f^^T^§- ^^it5> ft 
1 SfcW: 2 tCffi^O^ftS^t^go 

SufSM 1 O&JRtf, TU Zr, Cr.Mo^W, F 
e, Al©V^"«X3»»«r*^feO, WE* 2 
Ni, Pd, Ag, Au, Zn, Ga s In, Si, G 
e, Sn, Pb, S b<D\<v?tifr$:<SAjXti:Z>Z.b$:%f 



Mft * tit V * 3 r * £r4#m t -r^fS^Ji 8 tdSBiW>¥» 

1 0 ] mG?m#mcm*7 v y&mmwit 

20 leftcD^^^MoM^fe, 

1 1 ] awffiSiasBJ^teft s» 1 co^jRjsgo^ 

0. 5nml^±l 2nmHK*^:^» 

[fS*3Sl 2] SWBSjagR^*5ttS«2(0&JRIK<0|R 
3 nmH±2 5 nmHTTfeSr tSr^tf 

1 3 ] iuiESiggpcD^- > 5 ®a 

30 ^2 0%HT^fc5ri^W«t-r*»*«8Jc:eB«(O 

[fS^l 4] Su15^>-^ 1 n &±&ftt L,Xte 
9 , StFlE^ 1 ^^JSfi, Ti, Zr, Cr, Mo, W, 
Fe, Zn, Cd, A 1 OV^i"*td»Sr&A/T?4 9 , flufB 
^260^M«. Ni, Ag, Au, Ga, In, Sn, 

Pb, s bov>-rtt^-g-Ay-e*^r ^r?r#es:i:-rs, 

lf^7, 8, 9, 10, 11, 12, 13, 14, 1 
5 , 1 6 (D v ^i^d^cEtto^frJS^BofiJt* 

So 

9 , BUlS^ 1 Ti, Zr, Cr, Mo, W, 

Fe, Ni, Pd, Pt, Cu, Zn, Cd, A 1 COl/^ 

-rtifrtrssAj-cft*), mzm2<D&mi^ A g , a u , 

In, Sn, Pb, Sb<D\,^-?tlfr&^AsX%:Z>~k%: 
W&t~rZ>, M*S7, 8, 9,10,11,12,1 
3, 14, 15, 1 6<D\,^?ftMZ^<D¥^ftftftig 

•9 , 1 <7)^JS(i, Ti, Zr, Cr, Mo, W, 

50 Fe, Zn, Cd, A 1 ^>^Ttlt>irSS/uX^ *) , MIE 



%20)&mte. Cu, Ag, Au, Zn, In, Sn, 
t^#JS 7, 8, 9, 10, 11, 12, 13, 14, 1 

[If 1 7 ] iifffE^^A u t LT& 

t), SlTiEgl 1 CD&Jgte, Ti, Zr, Cr, Mo, W, 
F e , A 1 <T)\ ^i>^f/i t) , fttrfESS 2 W&JB 
li, Ni, Pd, Ag, Au, Zn, Ga, In, S 

1, Ge, Sn, Pb, S b <^Tft;0>£r-£ i 
t^tttts, »#q[7, 8, 9, 10, 11, 1 

2, 13, i4, is, i 6 <mvrna^ie»<D^# 

(0001] 
[00 0 2] 

I&jfW&Sff] G a N, InN, A 1 NiSXXJ^iVhV) 

M-f -5, ^Bfi¥l 0-1 07 3 8 4^^^§ixfc 
if^B^-rt^T-fcSo Sleeve, 7 1 

3, 7 4ll#i»l/- •9 i *m-®7lSrtt^i--5fc«)Ofl; 

Tl^S, T i , C r , W, N i , Z r , Mo, A 1 , V 
^ s 3l^^tl, -JrO^fiO. 1~0. 2MmT-fc5„ 

[0003] ~<D£?tj:, ^fru-ifgggte, 

[0 0 0 4] i&ftlc, *7r>rr«f©BMbl*asiR7 l± 

3, 7 4«fSr»«b*:^ 3 i^-Sr3lfifWW-5. 
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£^-<D»ffi};rJtfE£:JliBl7 7 J: 9 

[0 0 0 5] 

[0006] ±|B^U- ^SWSSiSXSlC*iV> 

^M)^7 7^^^ttTl->Sfc*!)^, 
[0 0 0 7] 

[0008] *&w<D*m{*&itmmtt. wmttms. 

imfri-yrk.. 3mm#t&m*-, ^m^m%m^ 
vzf&mm*TK\^x%%fm&\^z/?^x&mzfr 
40 xt£z>*mtmymmz.i$\,->x, ^mmt^m^-f-y-f 

b^is?k <Dffl{C\^ mm-frO. 5nm«±12nm£i 
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I n*3b^£LTfc!K 8*15^1 O&JRtt:. Ti, Z 
r. Cr. Mo. W. Fe. Zn, Cd, AKDl/^th 
3&»Sr*A/"X?*9, ^o, IifrlEfg2^JSte. Ni. A 
g. Au. Ga. In. Sn. Pb, S b<OV^"fiX^Sr 

to 0 l 0] *3SW^¥SM«83^«tt, ttm>»'jr# 

P'bSr^tLTi!), SWE»l<oA«W:, Ti. Z 
r . Cr.Mo, W, F e . Ni, Pd, P t . C u . 

Zn. Cd, A 1 ©v^-f*td»Sr^A/T?ftD, hWESS2C9 
Ag, Au, In. Sn, Pb, SbCOV^T^b 

sn^»at/^, nmmi<D&mte. Ti. z 

r. Cr. Mo. W. Fe. Zn. Cd. A 1 <^V^Ttb 

^Sr^/u-e* t) , Striae 2 co^jr^ cu. A g . a 

u. Zn. In. Sn. Pb. S b CDVvf tl^^^A/-e 

[0 0 12] *5SWo^*«83iaS««:. huI^^^s 
Au^^at/^, HUlS^l^Jg^ Ti. Z 
r. C r. Mo. W. F e. A 1 OV^iX^^-Cft 

fifrlE»2<0&JRra:, Ni. Pd. Ag. Au. Z 
n. Ga. In. Si. Ge. Sn. Pb. SbOV^f 

[0 0 13] 4«MO^fl«3^«0«3fefrfttt, jg 

1 <D&mm*$ ZZtm 2 o^JRRS^tf#»BtS:Rtt<5X 
tT^^y h~T£ r £ tc J; 5 r^oixN— XS^^WiKS: 

[0 0 14] *5§W(0^^5fe^eo®Bt^&^, tu 
ISSiMN** ftl<o^BI£ft2(^^B£as^^Hg 

[0 0 15] ^M©^««3^llottfi*«fett. ffi 

[0016] M 



[0017] ttm<D^m&mk&»w&jmtt, m 
%e^mz.&tfz>mi<D&mm<Dmm$K 0. 5n m ^ 

[0018] *»w<o^^3H6«cotee*ftrtt. m 
tmmm^\f^m2(D^mm(omm^K 3nm^±2 

[0019] *&w<Dym&¥&ffl&w<DMm2rm*. m 
[0020] ^m<o^m^^m<om^m^ mm 

I n &3i)&ftt L,Tfc 9 . fvmm 1 ^Jgf*. 
Ti. Zr. Cr. Mo. W. Fe. Zn. Cd. Al 

w-rthi>>&&/v'vte*)* mmm2<D&m^ Ni. a 

g. Au. Ga. In. Sn. Pb. SbOV^ftl^ 

[0021] ttm<a^me^w&wz&ffl&, m 

iE^^Pb£^#£LTfc'K ffitBftl4>&jR 
te. Ti. Zr. Cr.Mo.W. Fe. Ni. Pd. 
20 Pt. Cu. Zn. Cd. A 1 COV^tt^^A/^ 
«9. wmm2<D&m\^ Ag. Au. In. Sn. P 
b. SbW^ftl^^T^r^^if^o 
[0 0 2 2] *»M^^*BIB^«o«!JS^tt, M 

tt\ T i. Z r. Cr. Mo. W. Fe. Zn. Cd. 

a 1 <m vf*i^**^-tNfe d . wmm 2 (D&mn. c 

u. Ag. Au. Zn. In. Sn. Pb. Sb^V^f 

[0 0 2 3] **W^*«^^S^iSBg^jS^, Bfj 
30 IB/n^^Sa u Zll&ftt LTfc 5 . flftlBft 1 <D^g 
tt, Ti. Zr. Cr. Mo. W. Fe. A 1 OVvfjft, 

A/T*?i , mriBM 2 (7*&JSSte N N i . P d . A 
g. Au. Zn. Ga. In. Si. Ge. Sn. P 
b. SbiD^Tftfr&^AsXteZ^t&ttmk-rZo 
[0 0 2 4] fc*S. *0J^#tC^oV>T. />y^^it S 

[0 0 2 5] 

40 (Dmmmm 1 «>^»* t — fsi^/Ttssnt^ 

S10 3. p«ffil 0 4^»Jt?>tbTV>So Ri:^, * 

ffi^tt, ^KD&JRKi 0 5^KttP,ttT^o!9, se> 
^. SltSff HOI, huIE^ 1 O^feJSffi 10 5^: 
50 t^v^i 1 2d5^SE$tt-5r tfcj: 9, 
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nlil0 3ll £^#<D-gfft!7^1 1 3KT« 
SCW^SSRStt, p®110 4ij:t e >'lll^!7^tl 
1 4«CT«ft«j|cg§R*ixrv^So "T\ tVl 1 1 

[002 6] [U 2 ^^<7)»f§f-/B V ^fc^mfc 

*:/«:Bi0>£8r2s*l 1 0i:v)>hf5lij^M 

2te, *7r>fr«K<|||^fel«^ A 1 G a I nN^ 
7/1201, n~AlGaInNn^^M20 
2, n-*AlGaInN^75/K|20 3 > n — A 1 G 
a I n N#>T K1204, AlGaln N#fi*^-#F 
*S+£B205, P -AlGaInN^Ki206, p 
-AlGaInN^77K|207, p-AlGaln 

6*U *fc, plgl0 4^If»^OSI(fl 
0 2t«:{t y y^»#«rKavT\ 10* 

-SWC, *Bi OiiSRit feJiTV^r i t J;oT, n 
MM 1 0 3^ n — A 1 Ga I nN^V^ M202{^ 

^(D«ffi«tettJB 1 10 5 fg 2 £>&JRffi 1 

[00 2 7] ^Tl-> HI 1 J:lflg 2 Sr#J8 too*$ 

[0 0 2 8] #j£>Kl, **#*^«>«Jtt^«V^&iX-CV^ 
^^nir^^iggjgfflbT, t77^7Sfil0 1± 

§r#5XSf^ 5 ore, -£<£>f¥#ffl 

» 3 s o M mt'fe 0 , mmjfk*mfo<ow%& 1020 

9>V<r>WWi33fo 10^ mTfco/c 0 
[0 0 2 9] tt*<Dft«fct>E«UfcJ:5^, -9- 
77^7SKl0 1Olffil^ W*tb<tt3i-2y^ 

If 40-1 20/xmlS^i<lIt5 o :tt 

-vym^7-i>&mmmf&^%®&\^ 35-8 



lit •>^^ k -^»ffi«flF*«^«t!9«^ixTV^o 

^y^ys^-i/, mm) tm^mmx 

10 [0030] $ ^-mm^m 1 <o&n®i 1 o 
5, 2 o^jsbi i o 6 *m&Mj& tt, mr% mi 

1 1 2 t^L^V^jRSrS^-r^^J&Sfc^c 
JS^HtC^V vTW:. % 1 <D&mm 10 5 JCteS!!? 3 n 
mCDMoSr, l2Oiiil0 6Wii)?10nmtoA 

u £ j1£ bfc 0 r <7> ± 5 fc, ^IK^KJ?(OWtt 

■ctfev\ i>^^-*ffi^ss:ttibtLfcrtte>2S(o^jR 
Bite, #»tc»iv©-t\ ^>*BMB^6i>i^— 
*ad»UT*ffi^*rt*nfc«Bt«rflBBi-5 - 1 &X% 
fc. 

[0 0 3 1] ^jy^^WlS^ctO, 

30 _b|E# fettle #^-£e#, ^W^^x/n 
^>-hU (t7 7 >frsi) fc^ir* 

y y h y^^y^ y^Atit 0 «A*LfcB 
tt. l32^*5V^-CfB-^2 2 Otvf^tlTV^l — if^^y 

J&gJj&M^ ^^7>f^7^«oT!)xA-^ 

y/«:f3!lfco :^T^^7-i' t^^ffitdJ:^^^ 

mti^x, 9j^y~-i>v<am&7i<>-b*%m^xm 

so SdS^TSBXfcofc. 



[00 3 2] -<D£?{^ *»0MC*5VvCra:, 39!tt£ 

[0 0 3 3] ^tf^^v-^ifcfcj; 9, u— if 

Oic, ^>^i i 2£r^fiJLfc 0 *5U6(0?gffi^*5i> 
t\ S»S»110fj:Cutt<ttFe*±ft:it54 

f$£thtii><DX&>Z> 0 s^yi 1 2t£te, I nS:/flV\ 

3a**fr 1 10^19 oTcaa^^N^oiwij: 
i i 2<D-mcBj&£titc 0 *<d^ s&mtt&ffiB 

[00 34] r 5 LT, HI 1 (C^ lsttmM<D]&m(D¥. 
[003 5] JilBJjBICiQ^^^hStLfcU— if^y 

u&m^tct^^ Aufrit>%:z>m2<D&mmi o 6 
^i<b^m^>^l i 2ic»ta^-e.L*otao 

BB«*<jjv\ ) — Mo^b*5Il^Sll0 5 
5 Jg 1 <£>&JBBt£;fr I — if ^ r> > h 

*^ife^«<o^flw i — ^g<osiSfii^ jus: bfc t 

3 0K/Wtfcot 
[00 3 6] roffi^ffffi^-**:*^ AuH45$ 
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<br<5. Au^feftS*2<^^KfiJRjRtc:jS#LT*5 

io ^rtt, m2<D&mm*m&xm*<^chfrfrt>ib-r, m 

[0 0 3 7] Mo^feftS»10^JRK<0^ia«^F(Off* 

f^a Lfc»iH^* whi 2 £^ u nMg^^aij 

T\ *mfc<DMffittttMl,X, tfb^, *>Tj&*-Cfifc5 

[0038] mi <o&mm<Dtm&N i t * 

«3«:ffiHU ^S*L^ffl^L/ccbr^. 6 0K/W 

v^t<D-e*>s 0 z<D£?{c4mm*m*bxm<wmi, 

^l^)^JSJK*5J:T/m2(O^JS^i:fca 

5«^s»<, ^yc, mi<o^mmti,x^ vr>y^c 
> hxm* i *5 ±t«B 2 o^jsm^ t^N^y^tt 

[0 0 3 9] S2^4III:fKlfcWj;, 

^ib b mm<o^mxvm Lt#i^ if$gg 4 & 

50 [0 0 4 0] £l±<Di^mZWg-tZ>b#:<D£o\ctez> 0 
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n UTft6i#|!if4 % # 

10&JMU: UT i . Zr, Cr. Mo. W. Fe. 
Zn. Cd, AlOV^-fttaJ^A/TWrtLfciritteA 
biV S20#ilitlTNi, Ag, A 
u. Ga. In. Sn, Pb, S b ©vvf tt^Sr^A/T 

2 s Pb£^#£LT&5t#lCfcJ:. Il^lgit 
T. Ti, Z r. Cr, Mo, W, F e. N i. Pd, 
Pt. Cu, Zn. Cd, A 1 ©V^*t^Sr^-C«fig 

A g> Au. In. Sn. Pb, S b <D\ ^tlfa&^/v 

T. T i . Z r . Cr, Mo. W. N i . P d. P t. 
Cd. A\<D\,^ixfr&^A;Xmj&Vtzk$l£Bk.»tt:%5 

C u. A g . Au. 
Zn. In. Sn. Pb. S b <D\, Ar^miS. 

^lco^Jg^^LT. T 
i.Zr.Cr.Mo. W.Fe.Al OV^iYtd»*rS' 

£LT, Ni. Pd. Ag. Au. Zn. Ga. In. 
Si. Ge. Sn. Pb. SbOV>ftl^^A/^ 

[0 0 4 1] »10AJRBttJ:oV^Tf±, 

h * tut y *7*3mmm> % &mm& i § 

UcL<t^5. V*7t4T (a-AlzOa) . /Hf— ( a 
-A 1 2O3 : C r) . (S i O2) . Mg A 1 

2O3. Mg G az04. Nd G a Oa. L i G a O2. L i 

Aio 2 . zno. Mgom<Dmimmmctt^x&, 

Ti. V. Zr. Ta. Cr. Mo. W. Fe. Co. 
N i . A 1 . Si. G e W^'Ttlfr&'SAjXffif&lstck 



Tte. Mg. Ti. Zr. Cr.Mo.W. Fe. C 
o. Ni. Pd. Ag. Zn. Al. Si. GetfHvf 

^^A,xm^Ltz.mcs i »tj:)smmbtiti 0 
[0042] $zi&£xfim2<D&mm<ommi^ 
i<^xmftz>o 

[oo43]i2 <o^mm<om^^mm<Dmm<D 1 o 

10 »*Sr«Jfi©TIRIII (3nm) £ Lfc 4: # Ki*. B8§ttS 
T\ 0. 5nmJEJUidSa*U^o^ 0 

[0044] ii^ii^s^^iwi 

fc&ofco ^l©&JRWoj?SSrm^TR8fii: (0. 5 
nm) ^Uci^Wt ^¥^2 5 nmgS^ofct 

ofc 0 £fc. 12^11^ UTAuK^^WPrSrS^: 
Lfc^tdte. _hRBfii£rl 5 nmi«r £aW3=L;&> 

[0045] HS^fSLt41ttJ:<i 
ffiffl^fe^^lO^JSK^. K5-15nmO|5il: 

2 (D&mm&mm istmmk -rz> r t tm* ^ 

£s 1—4. 5nmCD®H^fe5^1(D^JR^C. ffiff 
3 - 1 0 n m(Oii(:fc5l2 <D&MWk*mM bfc«it 

[0046] ^J^£-<fc <t 5 JC. cfctb 
50 SJb^J^^tt, b^fc. ^^540-120^111 



13 

(4. 5nm) , ^2C0^JgJ^ (4. 5 nm) Sr#C<DJBL 

[oo4 7] (mi<D&mm. m2<D&mm) = (t 

i, Ni) , (Ti, Ag) , (Ti, Au) , (T 
i, Ga) / (Ti, In), (T i, Sn) , (T 

i> Pb) , (Ti, Sb) , (Zr, Ni), (Z 

r> Ag) , (Zr, Au) , (Z r , Ga) , (Z 

r. In) , (Zr, Sn) , (Z r , Pb) , (Z 

r,Sb), (Cr, Ni), (Cr,Ag), (C 

r, Au) , (Cr, Ga) , (Cr, In) , (C 

r, Sn) , (Cr, Pb) , (C r , Sb) , (M 

o. Ni) , (Mo, Ag) , (Mo, Ga) , (M 

o. In), (Mo, Sn) , (Mo, Pb) , (M 

0, Sb) , (W, Ni) , (W, Ag) , (W, A 
u) , (W, Ga) , (W, In) , (W, S n) , 

(W, Pb) , (W, Sb) , (Fe, Ni) , (F 

e, Ag) , (Fe, Au) , (F e , Ga) , (F 

e, In) , (Fe, S n) , (F e , Pb) , (F 

e, Sb) , (Al, Ni) , (Al, Ag) , (A 

1, Au) , (Al, Ga) , (Al, In) , (A 
1, Sn) , (Al, Pb) , (Al, Sb) 0 

[0048] ifBv^-rtt^ja^i^^fev^Tfc, mm. 
[0049] m2 (D&mmcnm <* ttmmm&n 4 . 

-<5. B8B5iOnmfi«l:iofci:*|^ 
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m<DmiS*&m<DTVm (3nm) fcbfci#fctt, R 

®—teMmZf&j)mM^t£Z>(DX\ 0. 5nmK±^S 
tf>4. 5nml:@JU %$2<D&Mf!g<Dm&$:^ttk 

(0. 5nm) .tLfc^lClte, BBWS2 5nm&»C 
^Tffi^^ofce M2C0^JSJKtLTAu^<?[># 

[0 0 5 0] BSWS:a4r*3EUT*«ttJ:<A 
5, ^2<D^JgJK^AuT*fc§»^, 1-4. 5 nm<Z) 

£\ 1—4. 5 nm(Z)ilt:^5$l^II[:, j^/J 
3 — 1 0 n mOgll^^f 2 O&Jgjgl&iSJi Lfc#K£ 

-^g aNtu » i m 2 (D&mm&?k<Dm 

fy&trttk L/tffitt, MM(DMM 1 £H«tf>^#w- 

[oosi] «tic, mm<DMm 1 ^isjts^sw*^- 
[0052] jb«>k:, ^^^sa3§^ffl^^ttrv> 

[0 0 5 3] GaNlfiOlIfiJ^t,, »itL 

CO/?^^, 1S60-200/1 mg^^TiC^< ^Si" 
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10 0 n mi-PSLfc. >? ^—<DMm~mm&iz. 

10 0 5 4] ^^/s-JB^ko^JS^ Sg2 

m&m ^X t fi^ i i f±fl- 5 * r-fc *v \ * 
[0 0 5 5 ] f-y^mxMK ± 9 , 

>^hU (GaNH) ('^-<^^K 

02^*5^X12^2 2 OT^ti/ri^-Su— -- ?3-y7<D 

M5*T*>b^V\ McO^&iLT, !7-fi'y-t 3 L<tt 

^AixADX^rff 5, i- — -ifTyu— ■ isaZ/&ffi$:m^X 
[0 0 5 6] rroipi^ *!6igtr*jv>T« < aw&x 

mvvm&*imxh^t^ 

10 0 5 7] ^^T^^ifc^J;^ i^-if 
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33$&#f2C utUUFe ^±^ti-5^^P>/jr 
i><0X&Z 0 ^^yjcii, InSrfflv\ -tro^^tv^ 

<0J?:^|Jl~2 0MmSKT-fcofc 0 s^yt*~<D£? 

^hht>^tbm^x<om^icwmi,xi>^^u m<o 

im*m^Xt>J:\,\ fc^U I nfcL<f4Sn«:33S 

i-t^ ^M±<omit>xm^m^m^j:r)wt^^ tarn 
wiit^ i 9 ig^iiiv ^as* r**p^ ^N>y^s^(tfc t 

^^iit^fc, *j3, rim *xss^r(cy^v 

loose] n i ^ L/c» t m®KD*mm 
<rmm<K*m<fr mw&& h tut. 

[0059] ±$dJMlZ±<0^"i?>h£MtU~ 

si^fctr^^ 5g2co&jiigira: x 

l«»*SG a NiSlcg#LT8oTV^fc 0 o* 9 , 

jo r-^s) &x.Tmm3nm<Dmi<o&mf&&jtvx¥m 



[0 0 6 0] 


1 <^^JgJ^ s 


M2(D£ 


mm) 


= (T 


i > N i ) > 


(T i % 


Ag) , 


(Ti, 


Au) 


, (T 


i s G a) N 


(Ti N 


I n) , 


(T i. 


Sn) 


, (T 


i> Pb) . 


(Ti, 


Sb) , 


(Zr, 


N i) 


, (Z 


Ag) % 


(Zr. 


Au) , 


(Zr, 


Ga) 


, (z 


r, In), 


(Z r, 


Sn) , 


(Z r. 


Pb) 


, (z 


r, Sb) , 


(Cr, 


Ni) , 


(Cr, 


Ag) 


. (C 


r, Au) , 


(Cr, 


Ga) , 


(Cr, 


I n) 


. (c 


r> Sn) , 


(Cr, 


Pb) , 


(C r, 


Sb) 


> (M 


o, N i) x 


(Mo, 


Ag) , 


(Mo, 


Au) 


> (M 


o, Ga) , 


(Mo, 


I n) , 


(Mo, 


Sn) 


> (M 


o, Pb) % 


(Mo, 


Sb) , 


(W, N 


i) > 


(W, A 



g) , (W, Au) , (W, Ga) , (W, In) , 
(W, Sn) , (W, Pb) , (W, Sb) , (Fe, 
Ni) , (Fe, Ag) , (Fe, Au) , (F e , G 

a) , (Fe, I n) , (F e, S n) , (F e , P 

b) , (Fe, Sb) , (Zn, Ni) , (Zn, A 



17 



(10) 
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(Zn, Ga) 
(Zn, Pb) 
(Cd, Ag) 
(Cd, I n) 
(Cd, Sb) 
(A 1 , Au) 
(Al, Sn) 



. (Zn, I 
. (Zn, S 
, (Cd, A 
(Cd, s 
(Al s N 
(AUG 
(A 1 , P 



g) , (Zn, Au) 

n) , (Zn, Sn) 

b) , (Cd, Ni) 

u) , (Cd, Ga) 

n) , (Cd, Pb) 

i) , (Al, Ag) 

a) , (A 1, I n) 

b) (Al, Sb) . 

8 k/w##&*u mmmm 1 <t 9 h^m^m&m.m 
[0061] mi &£xm 2 <D&mi&<Dmf\& 

1 0 0 6 2 ] S& 2 o&JHBte>JV$ &*MM<D]&n<D 1 0 

m£*&m<DTmm Onm) t L^^i*, ssp:^ 
[0063] £ i (D&mm&mz z^mmmm 

m 2 <OAJW||^tt, it^^«T^^ii^cDB5^ 

(Cl^ofCo ^1 O^M^c7)i?^$rHt[^(7)TPfiM (0. 5 
nm) £L/c<t#(Cf2, K8[^S2 5 nmiSWofci 

ofc D 1 2 ^^M^r tt A u ^0^^ 

WVW^WRUc^^ 3nmgSt^ofc 0 
[0 0 6 4] ££>M, a»Sr«^^JEUT^jgtt«t<fi 

1—4. 5 nm<Dfflsiz&>z>mi<D&mmic s mm 
3-1 0 n m<D^m^hz>m 2 (D&mm&mm ^tzmrn 

[0065] «_b, mmmmi^ 2, sk:*h,v^ ^ 



I n t Lfc#, i*t«t, ^Afcdte LTIn^t 
fc*<*trt6©^^tm-etJ:^ Q inK, Ag, s 

n, Pb, A1 N Ge, Ga0^fto«A^ f:A 

^um^^xhmmmmi, 2, 3^^om 
mmmm4) mrnmm iiz^^x, ^y^Pb 

Sn (Sn 1 0wt%) t U fg 1 4>AM& 9S2<D& 

10 «w>A«ttUt^ ^^yoWBWC*c*to*r, 3 3 0 

[0066] mi<D&mm, $52<D&mm) = ct 

i, Ag) \ (Ti, Au) , (Ti, In), (T 

i> Sn) , (Ti, Pb) , (Ti, Sb), (Z 

r, Ag) , (Zr, Au) , (Z r , In), (Z 

r, Sn) , (Z r, Pb) , (Zr, Sb), (C 

r, Ag) , (Cr, Au) , (C r. In), (C 

r, Sn) , (Cr, Pb) , (C r , S b) , (M 

0, Ag) , (Mo, Au) , (Mo, I n) , (M 
20 o, Sn) , (Mo, Pb) , (Mo, Sb) , (W, 

Ag) , (W, Au) , (W, In) , (W, Sn) , 

(W, Pb) , (W, Sb) , (Fe, Ag) , (F 

e, Au) , (Fe, In) , (Fe, Sn) , (F 

e, Pb) , (Fe, Sb) , (Ni, Ag) , (N 

1, Au) , (N i , In), (N i , S n) , (N 
U Pb) , (Ni, Sb) , (P t S i, Ag) , 
(PtSi,Au), (PtSi, In), (P t S 

U Sn) , (Pt S i, Pb) , (PtS i, S 
b) , (Al, Ag) , (AU Au) , (AU I 
30 n) , (Al, Sn) , (Al, Pb) , (A 1 , S 
b) . 

[0 0 6 7] ±m^fr<Dm&<&t?&lZ&^Th. ..... 

SnAg (Sn5wt%, Ag2. 5wt%) t L, % 
aSfCfetH^T, 3 2 OlCMLt 

[oo6 8] (Mi<D&mm. m2<D&mm) = (t 

i. Ag) , (T i , Au) , (T i, I n ) , (T 

i, Sn) , (Ti, Pb), (T i, Sb) , (Z 

r, Ag) , (Zr, Au) , (Z r , In), (Z 

r, Sn) , (Zr, Pb) , (Zr, Sb) , (C 

r, Ag) , (Cr, Au) , (C r , In) , (C 

50 r, Sn) , (Cr, Pb) , (Cr, Sb) , (M 



o, Ag) , (Mo, Au) , (Mo, In) , (M 

0, Sn) , (Mo, Pb) , (Mo, Sb) , (W, 
Ag) , (W, Au) , (W, In) , (W, Sn) 

(W, Pb) , (W, Sb) , (Fe, Ag) , (F 
e, Au) , (Fe, In) , (Fe, Sn) , (F 
e, Pb) , (Fe, Sb) , (Ni, Ag) , (N 

1, Au) , (N i , I n) , (Ni, Sn) , (N 
i> Pb) , (N i, Sb) , (Pd, Ag) x (P 
d, Au) , (Pd, In) , (Pd, Sn) , (P 
d, Pb) , (Pd, Sb) , (PtSi,Ag), 

(PtSi,Au), (PtSi, In), (PtS 
i , S n) , (P t S i , P b) , (PtSi, S 
b) , (Cu, Ag) , (Cu, Au) , (Cu, I 
n) , (Cu, Sn) , (Cu, P b) , (Cu, S 
b) , (Zn, Ag) , (Zn, Au) , (Zn, I 
n) , (Zn, Sn) , (Zn, P b) , (Z n, S 
b) , (Al, Ag) , (Al, Au) , (Al, I 
n) , (Al, Sn) , (Al, Pb) , (A 1 , S 
b) 

-hiEv >-rno«a^^^^o v h , mmm. 21-2 
[oo6 9] j^_b, mm<Dj&m4, 5m*^-c, 

&PbSn (SnlOwt%) tKliPbSnAg 
(Sn5wt%, Ag2. 5wt%) t Lfc;6\ Ztt 

~et>J:i\, PbK, Ag, Sn, Sb, In, Ga, Z 

n, Ge(D^ti^mm^^rbt^>yum'^^^xh 
mmmm 4 , 5 <t mm^^m bti^ 0 



[0 0 7 0] 


m 1 <D&mm. 


I2©^lli) 


= (T 


Ag) , 


(Ti, 


Au) , 


(Ti, 


I n) 


, (T 


i> Sn) , 


(Ti, 


Pb) , 


(Ti, 


S b) 


, (z 


r, Ag) , 


(Z r. 


Au) , 


(Zr, 


I n) 


. (z 


r, Sn) , 


(Z r , 


Pb) . 


(Zr, 


S b) 


. (C 


r, Ag) , 


(Cr, 


Au) , 


(Cr, 


I n) 


, (c 


r , Sn) , 


(Cr, 


Pb) , 


(C r , 


S b) 


, (M 


o, Ag) , 


(Mo, 


Au) , 


(Mo, 


I n) 


, (M 


o, Sn) , 


(Mo. 


Pb) , 


(Mo, 


S b) 


. (w, 


Ag) , (W, 


Au) 


. (w, 


I n) , 


(w, 


Sn) , 


(W, Pb) , 


(W, 


Sb) , 


(N i . 


Ag) 


> (N 
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is Au) , (Ni, In) , (Ni, Sn) , (N 
i, Pb) , (Ni, Sb) , (P t S i, Ag) , 
(P t S i, Au) , (P t S i, I n) , (PtS 
i, Sn) , (P t S i, Pb) , (P t S i, S 
b) , (Al, Ag) , (Al, Au) , (Al, I 
n) , (Al, Sn) , (Al, Pb) , (A 1 , S 
b) 0 

[0071] ±m ^-rti<Dm&&&£[c&\, ^x t , m& 
*tfi2 9-3 5 K/wtmbth, mm<Dmm 1 1 mm<D 

u (Auiowt%) a, jbioamk, mz<o&m 

mm**, ^^(ommm^tbf>^x, 2sot^ 
[0072] (mi<n&mm, m2<o&mm = (t 

is Ag) , (Ti, Au) , (Ti, In) , (T 
i, Sn) , (Ti, Pb) , (T i, Sb) , (Z 
rs Ag) , (Zr, Au) , (Zr, In) , (Z 
r, Sn) , (Zr, Pb) , (Zr, Sb) , (C 
r, Ag) , (Cr, Au) , (C r , In) , (C 
r, Sn) , (Cr, Pb) , (C r , Sb) , (M 
o, Ag) , (Mo, Au) , (Mo, I n) , (M 
o, Sn) , (Mo, Pb) , (Mo, Sb) , (W, 

30 Ag) , (W, Au) , (W, In) , (W, Sn) , 
(W, Pb) , (W, Sb) , (Ni, Ag) , (N 
is Au) , (Ni, In) , (Ni, Sn) , (N 
is Pb) , (Ni, Sb) , (Pd, Ag) , (P 
d, Au) , (Pd, In) , (Pd, Sn) , (P 
d, Pb) , (Pd, Sb) , (P t S i, Ag) , 
(P t S i , Au) , (P t S i , I n) , (PtS 
i , S n) , (P t S i , P b) , (P t S i , S 
b) , (Al, Ag) , (Al, Au) , (Al, I 
n) , (Al, Sn) , (Al, Pb) , (A 1 , S 

40 b) 0 

[0073] ^m^-rtifDm^txticte^xh. m& 
stfit 2 o - 2 6 K/w&»hti. mrnmm e ± 9 

5o ^(DfeuD&ico^xh. mm<o^m 1 icmm Lfc t 
tdov ^T fi, mmcomm 3 i,ti(Dtm arnica ^ 
[0074] ^ rnm<omme. 7^^r, 

50 ^Sntl<(j;SnAu (Aul0wt%) t L-tctiK 
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WR^ti^o SnC, Ag, Pb, Sb, In, Z 
n, Cu, AuCOV^ix^^^tt^N^^W^ 

mmcowm s j njso^® 1 M&it s^^sta u s 

n (Sn2 0wt%) tU ftlOAJUfc ^2^JS 

KSr&oa^^^ utter*, mmmm 1 

Sft^te, '^^o^M^fcfriirT, 3 3 o'Cte:* 

[0 0 7 5] (Jg 1 <£>&Jgg|, fg2CD^MBi) = (T 
U Ni) , (Ti, Pd) , (Ti, Ag) , (T 
i, Au) , (Ti, Zn) , (Ti, Ga) , (T 
U I n) , (Ti, AuS i) , (T i, S n) , 
(Ti, Pb) , (Ti, Sb), (Zr, Ni) , 
(Z r, Pd) , (Zr s Ag) , (Zr, Au) , 
(Z r, Zn) , (Zr.Ga), (Zr, In), 
(Zr, AuSi) , (Zr, Sn) , (Z r , P 
b) , (Zr, Sb) , (Cr, Ni) , (C r , P 
d) , ( (Cr, Ag) , (Cr, Au) , (Cr, Z 
n) , (Cr, Ga) , (Cr, In) , (C r , Au 
Si) , (Cr, Sn) , (Cr, Pb) , (C r , S 
b) , (Mo, Ni) , (Mo, Pd) , (Mo, A 
g) , (Mo, Au) , (Mo, Zn) , (Mo, G 

a) , (Mo, In), (Mo, Au S i ) , (Mo, 
Sn) , (Mo, Pb) , (Mo, Sb) , (W,.N 
i) > (W, Pd) , (W, Ag) , (W, Au) , 
(W, Zn) , (W, Ga) , (W, In) , (W, A 

uSi) , (W, Sn) , (W, Pb) , (W, S 

b) , (Fe, Ni) , (Fe, Pd) , (Fe, A 
g) , (Fe, Au) , (Fe, Zn) , (Fe, G 
a), (Fe, In), (Fe,AuSi), (F e , 
Sn) , (Fe, Pb) , (Fe, Sb) 0 

[0076] ±m\<^ti<Dmfr&t>i£i l z.&\,^xh. %m 
Hffi 2 s ~ 3 4 K/was#&jh,, mm<omm 1 1 ^m<o 

mmcowm 9 ] rnmmm 3 «ott3>^:^£ a u s 

n (Sn2 0wt%) Sl^II, |g2(0&Jg 

fcHSfttt, ^^^O^^^fc^T, 3 3 0<C\z& 

[00 7 7] (Jg 1 O^JSM, « 2 CO^Jg^) = (T 

i. N i) , (T i , Pd) , (T i, Ag) , (T 

i, Au) , (T i, Zn) , (T i, Ga) , (T 

i, In), (T i, AuS i) , (T i, Sn) , 
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(Ti, Pb) , (Ti, Sb) , (Zr, Ni) , 
(Zr, Pd) , (Zr, Ag) , (Z r , Au) , 
(Z r , Z n) , (Z r, G a) , (Zr, In), 
(Zr, AuSi) , (Zr, S n) , (Zr, P 
b) , (Z r, Sb) , (Cr, Ni), (Cr, P 
d) , (Cr, Ag) , (Cr, Au) , (Cr, Z 
n) , (Cr, Ga) , (Cr, In) , (C r , Au 
Si) , (Cr, Sn) , (Cr, Pb) , (C r , S 
b) , (Mo, Ni) , (Mo, Pd) , (Mo, A 
10 g) , (Mo, Au) , (Mo, Zn) , (Mo, G 

a) , (Mo, In), (Mo, Au S i ) , (Mo, 
Sn) , (Mo, Pb) , (Mo, Sb) , (W, N 
i) , (W, Pd) , (W, Ag) , (W, Au) , 
(W, Zn) , (W, Ga) , (W, I n) , (W, A 

uSi) , (W, Sn) , (W, Pb) , (W, S 

b) , (Fe, Ni) , (Fe, P d) , (Fe, A 
g) s (Fe, Au) , (Fe, Z n) , (Fe, G 
a) , (Fe, In) , (Fe, AuSi) , (Fe, 
Sn) , (Fe, Pb) , (Fe, S b) 0 

20 [0078] _h!EV ^tlV>tofr&tXtlZj3\i ^Tt, 

$m i 9 - 2 6 K/wtfs#e*u mmmm s * 9 1 & 
t, g a n <Dmmm& jy? & zt^x^>h<Dt sfajx 

tcov >r mm<DMn 3 ^ vizokm tmm^^ ^ 
r, mmmmz&ktfi kmm<D^tmhfhtz Q 
[0079] j^_h, mmmms. g^^-c, 

SrAuSn (Sn2 0wt%) h\JZ»* r*Ui % ^ 
V\> 0 AutC, Ag, Sn, Sb, In, Ga, Ge, 

[0 0 8 0] «_b, HJfi^ffil^V^L9^*5V^T3£-< 
S^*3J:U ? ^2^JS^r>;n^— Sffi(-ffigbrd^-?' 

0 ? ^2^«^il^-r^- ( t(-j;K,^ Wt&tDm^JKBt 

mm<DMffi io) i3 ittmwommvmm 100* 
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^ j, 3 0 0 <h l^-if ^ y 7<nm&X 

hz>V77<jTm&Tma^ mi<D&mm3 0 5, m 

2<D&mm 0 GfrmifhtlXte*)^ rtt^<h 
Xf$S#3 1 O^OF^C/^^3 1 2^^$^^-^ 
{£j;i9, ^^l/-1f^^^^S^3 1 0(D±^@ 

*k ^>?3 1 2^t^ m2(D&mwmnts^ytt 

Uk<D&&fr-mtf&£tlX^Z> 0 £fc, nlSl0 3 

f*> 3inmi£<D-mk ?4^3 1 3i l cxmMm^mm^ 

*U p«gl O 4lit e y3 1 1 tl7-f t3 1 4(CTia 

3 1 o ktem^£fttcftmzm^icmnmzm@t£ti 
[oosi] mA^mmmm\^m^^ti^mw^—^ 

u—^^^nmW3 l o\^V^ V-tZ>m<Dtf:U 

o o commit m i <D&mm& xwrn 2 <D&mm 3 0 
6tmj&£thX}3V), -£ti. m2<D&mm3 0 6{a*t 
^%k*zzizmmj)mibxn<t£<>x\,^nft 

3 2 0) Wj-btltfe^ m^riiCT, ^:/KB 
Si§33 3 2 011 i^ffl 1 5 0 ix m, 10/i mO 

[0 0 8 2] J^TCi, H3*Dj:0qil4^#^Loo*^ 

[0083] ^m^m^(ow^^m^h^x\^ 

S^nt^^iiiiu, V-yr-JTW&i 0 i_h 

Ill2^bfc{@^O^ft:u-if«^^^^$ 

OumXhV, Stt^^ll^i0 2Oh-^ 
yKDip:^-^ 15// mXh^tCo 

[0084] ft&<D&m^t>mmistd:?^ 

77^7Stel0 1(^lIl^, WSfclXtt^^ 
It4 0-1 2 0/zmSgtT^i<lttS o 



-ifffi®^ 7-h#mmz.mf&i-z>m&!<cn. 3 5-8 
mz&^xfc mm&m^xi>^—<Dmfr& 120 

MmC*U W««S:/fll,vt 7 5 /xm*T?W 

10 [0 0 8 51 SII, !) x/N^IICf 1 cD&Jggl 3 0 
5, »2O&JRK3 0 6SrWWK^Lfco ^^T% fgl 

<. <*e>^ u—if^s/^^^>h-r5^(^^3 

^2(7)^113 0 6^fl ^£>h<7)g^ ifa/N^y 

3 1 2 t^L^v^*»r*^j&sfcs 0 ^ 

«SO**fca3V^«:, m 1 <Z*feJSK3 0 5i: L-cBSp:3 
nm(DMo«U ^2 fifBt bTK»3 

nm(OAuWML/Co *V>&J»K£: 

t-ct f9 . R»2 0 0nm(DAuS:Se,|:MU 

^^hl/^h<t*{Cl^a53 2 0^?fM^^cA 

tcMfti^ m2<D&mm<D-uk^x£htzm<Au& 

[0 0 8 6] ^(D^ Ty71MTmz*L*>, 

#Ji-5r<JrT% El4^^tL5J:9*, i^Oi/- if^- 
50 Bicaw^&^-tfWJS-etftv^ 
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[0 0 8 7] rcDi^, *^tC*3V^^ 

T, 5SSft3 0 UlCutKliF e&±ftk-tZ>& 
*©a**^^>St*fi 1-20// mgSt^oto ✓>» 

< tts n Sr4rt»i t5^y^i^<D J: 5 SJ&fc: 

9 o t ca J S^^^(7)i^^J: 9^Fi«v^ja**t?ipj» 
u I2omi3 0 6^n 

[oo8 9] o lt, mz\z.m\.tz*mm.(offim<D^ 

[0 0 9 0] ±IBJS^J:0-^^^hSttfcu— if^y 

^^5120^1^3 0 6te+ft{Z\m\,^<DX\ t<D— 
»^^^3 1 2^«Jtii^U4oTV^^*-C, 
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m. m2<D&mm&fr^xym&i'-^iy7&^$^ 
u-^mu<Dmm*mi£ i,it t r 5, 3ok/ 

[0091] rco^i^ffi-r^fc^^, auHWI 

2 o^RjKfcSiaifu 320 &mift\,y&it$:mm<DMm 
t mmxh z mrnmm 1 o t r 5 kibe l fc s*jh 1— 

ia«3 2os:i9:^Tfc, mmkommmm^T**>z 

[oo9 2] m2<D&mm&mmi,timfrte. *mm<D 
mm t mmvjj&xfm L,tz#m¥mi* rmw 4 k 

20 [009 3JS1 (O^RRomSrN i t*x.fc«^Wt 

^gs^su m3m*mmi,i£k^ 4ok/w 

TMwzsmM&m&t isTmi&&xfm2<D&mm& 
'^yicmr&Asx* v mmjocomtbxm ^m&x 
&*'^?-wb3&& % g><<om®xm&istixi,* 

[0094] ^(Dmmzmm-rzt&vj: ? \zt^ Q 

^^^^^ ^^^HXS^c^v^^igc^^^^JS^ 

m 2 (D&mm<Dm.*h&t*± t lt . rnm<omm 1 ^ie« 

[0 0 9 5] $e>tC, miO^JS^doV^^ 
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[0 0 9 6) aiaaw^wsAjRiioiBiiw-ov^ 
[oo9 7] amuttv*xhMtti&hmt#i&x. 

E*Lfc«H£ 13 -*-*&>*>, Sg2<D&JSIlg|ro 

@£&ft#&&*6sm*ft3^tf>TRBffl[ (3 rim) t 
Lfc t # fcf±, l ^Jg^oKJ?*5 1 2 n mgftfcfc 
ofct#{^ !)ia- M&fr fflmnBGLA^sj 

m-^mmmf>mm^t£^(DX\ o. 5nma 

(0. 5nm) tLfct^(r«, Au?:fflPfcf2©4 
^©EDltfS 2 5 n mgtl;4ofc £ # fc, .7 x yx_J 

(o&mmt lta u ewt»«o*msras vtc t # _k 

WrLtck^Z. 3nmggfJbofc 0 fggl&S 

^effl^Uctr^ *2©&jRfflt;SSAuT?*)3 
1~4. 5nmW®Hli*>5^l(7)^^Ki¥: 
3 ~ 1 0 n mroglCfcSf 2 bfc«5t 

[0 0 9 8] 

#i-@i§gi5{c*jvNT jots i 5 fwspaiw^ 

#MM-«4a?f4ft<, 4IUWi<iB)JSti4<TtJ: 
%«T, L < fi 1 0 %«T(^/h§ < K3ei-«jK«as 
[0099] El±j&'<fz X o fc, **ifio^«HcJ:tL 

^T*tfCo 

0S2)5f^L,9 {C|S« $ titz h VIZ® *.fcfflLtt. H&cD 

jgji i o t i^mro^ajft u—fmmzvm vtztz^ 
^-rtuom^ty^i^^xh. mm.m.m.1 9-3 2 k 

££0 v %r *> . mmmm 1 1> u < 14 1 0 tee* l/c t 
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^^sbsobw tcov ^4, mm<Dwm 1 0 tt© 

m&0>W&l 2) H5tt*^03Bfcg)&gi 2»¥ 

*fmw&^-Fmjmxtb% 0 hh^^t, 5 0 

1 ttn -G a Ng&T*£>9 , ^(O^iZ^it^OM^Wi^ff) 
5 0 1 W«ffitC(4 N SP5W){-n®fii5 0 3^, 

10 ¥mfr<ommft5 0 2<Dmma*, P ii5 0 4^ 

roi¥«8Jc:ov>TW:^ai-rSo ^^u— tf^s/^ogffi 
ffeSn-GaNStSTEtc:!^ mi^JSM5 0 5ds 

O^IM5 0 1 2frjf&tittZ > z\b 

1 1 t»^«F*fl£5 1 0 £ttJM$fe^fflm«mc 

[0100] liefi^iits^litcffl^fc^ft:^— »f 
^y^Sffi^^^fcm^EIT-foSo *H«4, u— if^ 

gK'*JV^T, Itt^ft©ii«:5 0 2a i 
'0 n-GaNSfe»t,il: H n-GaN^y77|60 
1 , n - A 1 G a I nNtHI 6 0 2, n - A 1 G a I 
n 2^7yKl6 0 3, n-AlGaln N^f-f K 
Jf 6 0 4, AlGa I nN#H^Fffl4| 6 0 5, 
P - A 1 G a In N#-T KI6 0 6, p-AlGaln 
N?7yM607, p-AlGa InN^y^^M 
6 0 8imm&tlXffil$.£nx\,^ o p^yyKieO 

7*5<to:pr2>^;7 h^6 0 8{ctt, mmumzmw 

Lfc^ h^'f^ttcDy s/v?6 1 l^lt^tv, p 
S«604ip^7yKg607 tOBCHt, y 
0 ^5rl^V^T, n-AlGaInN7'oy^i609 1 p 
-A 1 Ga I nNZ-wyme 1 0^»t 5>^-CV>^ 0 

0 5fcJ;0«^2(7)^JR^5 0 6^ff^$i^T^^ 

[oioi] WT(-, lasfe.ti/igie^^booytcii 
[0102] ^flgie^oSBgfcfflv^tv-c^ 

' ^o^^m'MMmi.X. n-GaN^50U 



29 

4 0 0/. mt'fc 9 , mm^mft<Dmmw 5 0 2 o h 

[0103] fttc, n-GaNSfi50 1OS®» 
b, ^StL<^^^>'^cJ:i9, £«C0-a$^* 
U ^y^tf)/^^ M6 0-2 0 0/im^t* 

^✓n— (om^ 1 8 oymcim -t<&^ wmm 
mm) *mmzWLmx^ttiifrt>, n-GaNsso 

0 3^MU Co ntffi50 3lin-GaNW^I 
K> T i (3 0nm)/Al (10 0nm)/Mo (5 
Onm) /Au (lOOnm) TMS^ttSo n®H&* 
L5 %>&¥W< t , n-GaN£ 

Lfco *fc. — >^ »ffi(62 0/zin, tyflO 

0 5. *2OA»Bt5 0 6*(H2WB«Lfc o r-T\ £ 

5 1 2 tj^U^V^Sra^-Sj65«^j, 5o ^ 

mmm^»^xai. m 1 ^ms o 5 Kramer n 

m<£>Mo£\ §£2<Z>&JSj^5 0 6(C|«|8nmOAu 
^ y ^ fe^oflfe^^ffiSrffl v >T t & v * - t tew 5 3re 

o, z^—omffiWfrbv^— zmfr^xmrnicM 

[0 10 5] *<D'&^ 
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(n-GaNSS) 
te, 06tC*3V>Tl5^-6 3 OX^ZtlX^&U—* ^ v 

— If ^ ^ ^ fcT^Jfc, ift^*/^— &Bl<d if^fcSr 

20 [oio6] -coip^ *»w^*3v^tt, mwttm 

[0 10 7] ^^v^-O-^ffi^J:*?, if 

l*c, ^^^5 l 2«rWUL,fc D **JSo»ffi^*5v^ 
t\ ^Sft 5 0 1 |j;C u t> l< liF e Srifti: 

»^6>*9. ^(omm^N i i/Au»K^ 

^^M^M^Ij: 1 - 2 0 /z mgar^feo ^ 

mm, *v*ms&m^xbi:\t\ fc«u inti 

< «S n 5:^^: f§/>y^i^(7) J: 5 Sflt 
^RfS^5 01^19 0X:m^(Dy^^(Dm^X *) 

2(^H5 0 6iA^5 1 2 ^Sr<t<II|^S-frfc 0 
r^it), «2^JSKf±^^^*fC»#U ^2C0 

^5 l 2©-«^jgj«stLfc 0 3t««»Srft 

[0108] :ht, m^iz^i^tz^mmmm^ 

[0 10 9] ±ISXgfCj;f9-v^vh$tt/cU— !f^5/ 
1 ^S:^«P»«:^&3ftWtt^git«^LT. ^§356 2 0 
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Sf52ro&JgBl5 0 6li, \3.bh,¥i)^l/?5 1 2\z.mv 
zffr^VlsVZtiX^tz^ *H 

^ 25 k/wt* t) . *mM<rmm\z. <t o -t t 
[oiio] ft id, m&mz.*5iiz>&mm<omm\^\<^ 

[0 111] aiSSP»::*5V>rt^»^** s fT*3ti5«t 
^icD^MK*5±L) { ^2ro^M^oW*t't>^ 

»S*^/j««*SfTtalx*»^©Tlfiii: (3nm) £ 

ufci & i <D&mm<Dmm& 1 2 nmisw 
izn. m-tmmmi>mw<z-tez><r)X\ 0. snmjy. 

(0. 5nm) iLfcitiCIt A u -Sr/Bl Vfcgl2 
JR^jKff/iS 2 5 n mSStiofc ir#}d N £ 

m^<ommmm<oBm^^smK^otc 0 ^2 
* as L-c£si*«fc < a» jwmm, &mm h 

ti5WMWtfctr5< »2©A*liti^Au-C*>S 
*§£\ 1~4. SnmOiltfeSSKO&lll^ H 
J?3~ 1 On m«*SEBIC*!>S$ 2 <D&Jg|g£§:fi«IT*it 

[0 112] SiSgproffi^ s tB>iW*l^/h$v>»^-^f^ 
[0 113] eJUiiE^fcJ;^^ *se»©jgtBfcJ:ft 
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fflfflH4$ri«J6, IS*Jht)Srtt3le«)a«i:Jt«bT 

mmnrnm 1 3] mM<ormi 2tc*s^r, x& ^ 

SSiro&JSL 2 ro&Jgrojja^-g-fcHtSr. Hiiro 
V iX<Di|a^^(C*3V fc N laegtffi 1 9 ~ 2 9 K 

^cov ^ t , mkmm 1 1> l < « 1 2 i-ibs Lfc t 
[0114] mm<DMmi o&^li 3k*s^t, ^ 

mts jE^m^, =tt&=F. *5E 
[0 115] WJi, V><0/5»«5|£6S<0^^^*JVNTf*, 

wm:&iz<nm\MW& t vtz.m&i£-o^xcD?jmm\z 

mffll^tlfiK /Wtr— (a -A I2O3 : C r 2O3) , ^ 

(S i 0z) , Mg A 1 2O3, Mg G a 2O4, NdG a 
G-3, L i G a O2, L i A 1 O2, ZnO, M g O^, 

i6S, A 1 G a N, A 1 ffiroBr«3t^i8iM L 9 

[0 116] $f>^ *3SW*HilfflS*L5iN|t(*:u— if 

40 CCrefifrVN, "fe^7 ■77^>K-Xh7^f-t (SA 

s) «it, yyzmm&Mifttvx, tftxh^/i 
ig, ajwi^^c (bh) mm. f+^K-t^ 

hKh-^Wt (CSP) ^it^rof&Otrot LT 

(4. Jd*CD»i)S|-fr|5S^$tL^fc.ltTii/i< , Ahlny 
Gai-x-yN (0^x, ygl) COfth,, ftjKD^fr^— 

■tf^ssf'ffl^btLs 1 1 1 -vmt&m*mfa n- 
50 [0117] gut. mwnmmvmmxte, *m\<n¥- 
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